INTRODUCTION
Almond is among the most cultivated species in the Mediterranean countries as it easily adapts to an arid climate and unfavorable soil conditions, and the demands for the cultivation of almond have been increasing day by day [Akçay & Tosun, 2005; Beyhan et al., 2011] . Turkey is one of the countries where this increase is the most prominent. In 2013, the increases in production and production area were 33.13 and 32.64% respectively in the last 3 years. Besides its positive contributions to human health such as reducing obesity, cardiovascular diseases, diabetes, cancer, and the cholesterol level [Socias i Company et al., 2010; Beyhan et al., 2011; Kırbaşlar et al., 2012; Balta, 2013] , this increase is caused by its use in many fi elds such as the cream cake and chocolate industry; the production of dried fruits, confection, and marzipan; ice cream industry; sweetener for beverages; the use of its oil in the pharmaceutical, painting, and cosmetic industries; the use of its green shells as animal feed and the use of its hard shells as fuel and making chipboard [Akçay & Tosun, 2005; Yildirim et al., 2008] .
Stone fruits are known with their biochemical characteristics including high contents of vitamins, phenolic substances and fatty acids. Since recent studies on almond breeding have predominantly focused on late fl owering, self-compatibility, Habila et al., 2012] . To benefi t more effi ciently from these fruits, the seeds of which are consumed, more information regarding their storage and the developmental characteristics of the cultivars is required [Femenia et al., 1995] . After a long-storage period and transportation, stone fruits undergo extensive fatty acid oxidation and thus their quality signifi cantly decreases [ Recently, some studies were published about total oil and fatty acid profi le of some almond cultivars [Abdallah et al., 1998; Sathe et al., 2008; Özcan et al., 2011; Beyhan et al., 2011] . However, we did not encounter any research on fatty acid profi le in some cultivars such as Desmayo Largueta, Ferrastar, Glorieta, Lauranne, Supernova.
In recent studies, it has been suggested that the ratio of oleic acid to linoleic acid could be used as a criterion for determining the almond kernel quality when evaluating oil stability and fatty acid composition [Kodad & The high rate of unsaturated fatty acids can also extend the shelf life of nuts, and has positive effects on human health [Rabrenovic et al., 2011] . Almond is also rich in unsaturated fatty acids [Abdallah et al., 1998; Sathe et al., 2008] .
The main objective of this study was to determine the variation in terms of total oil contents and fatty acid composition of some commercial almond cultivars grown under same ecological conditions. In addition, studied traits were subjected to principal component analysis for the classifi cation and discrimination of almond cultivars. Thus, the nutritional and healthy value as well as the genetic diversity of the studied cultivars will be revealed.
MATERIAL AND METHODS

Material
The study was conducted in 2008 and 2009. In the study, the seed samples of 15 almond cultivars (Cristomorto, D. Largueta, Ferraduel, Ferragnes, Ferrastar, Glorieta, Lauranne, Masbovera, Nonpareil, Picantili, Sonora, Supernova, Texas, Tuono, and Yaltinski) grafted on the almond seedling rootstock were used, and the cultivars were obtained from trees in the almond cultivar collection orchard located at Eğirdir Fruit Research Institute in Isparta, Turkey. The study was set up according to a completely randomized design with 3 replications and a tree was used in each replication. When fruits maturated, they were collected from different parts of the trees. The almond fruits were dried for 20 days at room temperature and cracked out by hand. Five hundred grams of almond kernels per cultivar were ground to a powder and placed in plastic bags. Samples were frozen and kept at -80 o C until extraction.
Total oil content
Two g from the ground dry samples were taken and total oil samples were extracted in a Soxhlet apparatus with 100 mL of petroleum ether as a solvent. The solvent was evaporated under vacuum using a rotary evaporator and the oil was collected [Bligh & Dyer, 1959] . This process was repeated three times for each almond cultivar.
Fatty acid composition
Fatty acid methyl esters were prepared using a method described by Marquard [1987] . The fatty acid composition was analyzed by GC 30 (Perkin Elmer Autosystem XL) equipped with a CP-Wax 52 CB column (Varian Inc.) (50 x 0.25 mm, 0.2 μm). One mL of Na-ethylate (0.5 g Na-methylate + 80 mL methanol + 20 mL isooctane) solution was added onto 40 μL of oil sample, and esterifi ed. Before injection into GC, 0.25 mL of isooctane was added and the tube was well--shaken. Next, 0.5 mL was drawn from the upper phase, which became clear, and injected into the GC apparatus by means of a microinjector (Perkin Elmer Autosystem XL). GC conditions were: FID detector; injector and detector temperatures: 250 o C; carrier gas was He at the pressure of 0.069 MPa; and fl ow rate: 30 mL/min. The oven temperature was held at 80 o C for 4 min and then increased to 175 o C. After holding at this temperature for 25 min, the temperature was increased to 215 o C. After holding at 215 o C for 2 min, the temperature was gradually increased to 240 o C and then held at this temperature for 10 min. Peaks were identifi ed by their comparison to the relative retention times of standards (Supelco 37 component FAME Mix), and the results were expressed as the percentages of peak areas.
Statistical analyses
The data were analyzed using SPSS statistical package program and the means were separated with Duncan's Multiple Range test. Principal component analysis was used for the determination of the most signifi cant components. In the principal component analysis, eigenvectors were calculated to determine the contribution of each variable to the separation of the cultivars.
RESULTS AND DISCUSSION
Total oil
The total oil contents of the studied cultivars are presented in Table 1 . In the study, large differences were found in oil content among the cultivars. The average value of oil content over the 2 years varied from 52.51% in Picantili to 61.92% in Cristomorto. The cultivars Cristomorto, Supernova and Ferragnes had a mean value of oil content higher than 60%. The analysis of variance indicated that the effect of the cultivar, year and the interaction cultivar x year were signifi cant for total oil contents at the level of p<0.01. The total oil contents changed signifi cantly (p<0.05) by year in all cultivars with the exception of cultivar Sonora. The highest total oil content was determined in Supernova (62.01%) in 2008, followed by cultivars Ferragnes (60.92%) and Cristomorto (60.66%). On the other hand, the lowest total oil content was found in Picantili (50.90%). In 2009, the highest total oil content was recorded in Cristomorto (63.18%), followed by cultivars Ferragnes (61.71%) and Supernova (61.70%). On the other hand, the lowest total oil content was detected in cultivar Lauranne (52.44%) ( Table 1) . These results were in agreement with the results of Kodad et al. [2013] , who have reported that the total oil content of almond kernels ranged from 48.7% to 64.59%. On the other hand, Abdallah et al. [1998] reported that the total oil content of almond kernels changed between 38% and 53% DW. Similarly, Kodad et al. [2006] determined slightly higher total oil contents in almond cultivars ranging from 40% to 65% DW. In agreement with the results of Kodad et al. [2006] , Kodad &d Socias I Company [2008] reported a total oil content of almond kernels between 48% to 67% DW in eight cultivars and 47 advanced self-compatible almond genotypes developed in an almond breeding program. In the previous studies, it was reported that factors including the genetic characteristic of the cultivar, ecology, physiological factors, cultural practices, the maturity stage of the fruit, and harvest time had effects on oil con- 
Fatty acids
The fatty acid compositions of the studied cultivars are shown in Table 2 . It was also found the large variability for fatty acids. The analysis of variance showed that the effect of the cultivar, year and the interaction cultivar x year were signifi cant for all fatty acids except heptadecanoic acid (p<0.05). The highest content of oleic acid was obtained in Table 2) . Kodad et al. [2013] reported oleic acid contents ranging from 61.8% to 80.2% of total oil in kernels of selected almond genotypes. In turn, Sathe et al. [2008] determined oleic acid contents varying from 57.54% to 73.94% of total oil in eight almond cultivars from 12 different California counties. Moreover, Moayedi et al. [2011] showed that the main monounsaturated fatty acid was oleic acid with the content ranging from 66.7% to 69.7% of total oil in the kernels of three wild almond species. In agreement with our results, Kırbaşlar et al. [2012] reported 71.98% oleic acid content in an almond genotype in Turkey. However, as compared to our results, the lower amounts of oleic acid ranging from 72.5% to 79.97% have been reported by Özcan et al. [2011] in different commercial almond cultivars. This may be due to different cultural and ecological conditions in studies. Moreover, high temperature has a negative effect on the syntheses of linoleic and linolenic acids in plants but has a positive effect on the synthesis of oleic acid [Beyhan et al., 2011] Nutrients with a high rate of unsaturated fatty acid have been preferred in human nourishment in the recent years [Özcan et al., 2011] . Monounsaturated fatty acids (MUFAs) (oleic acid, palmitoleic acid, and heptadecanoic acid) and polyunsaturated fatty acids (PUFAs) (linoleic acid and linolenic acid) are found at high rates in the seeds of stone fruits including almond and constitute the majority of the total oil. MUFAs have been reported to be as effective in reducing the cholesterol level in human beings as PUFAs Especially oleic acid (ω-9 family) is reported to remarkably reduce the effect of the gene causing breast cancer [Kırbaşlar et al., 2012] . In addition, linoleic acid was shown to be effective in the repair of DNA damage, in the regulation and development of cell differentiation, in providing immunological activation, and in the regulation of blood pressure and blood coagulation in human beings [Beyhan et Each value is expressed as mean ±standard deviation, means followed by different capital letters (years) in the row are signifi cantly different (p<0.05). Means followed by different small letters in the columns (cultivars) are signifi cantly different (p<0.05). Nd: Not detected.
and oxygen and are being oxidized, an event called rancidification [Bingöl, 1976] . The fatty acids which have undergone rancidifi cation contain peroxide-type molecules. These molecules have a destructive effect on vitamins [Bingöl, 1976] . In the study, it was determined that almond cultivars were rich in unsaturated fatty acids. The highest rates of unsaturated fatty acids among the cultivars were obtained in cultivar Glorieta in both years ( (Table 3) . These results were found higher than those in the previous studies [Balta, 2013; Yildirim et al., 2008] . The mean UFA/SFA ratio was 11.73 in 2008 but 7.59 in 2009 (Table 3) . Considering the average of 2 years data, the cultivars Glorieata, Texas and Cristomorto had a higher value than the others for UFA:SFA ratio.
The almond kernel has a tendency to molding during storage and transportation due to the oxidation of the fatty acids it contains, which causes loss of quality. Therefore, the ratio of oleic acid to linoleic acid (O:L) is considered a signifi cant quality criterion for the evaluation of almond kernel quality and the high O:L ratio in particular is considered as an important factor providing stability in oils as well as a higher nutritional value [Kodad et al., 2011 [Kodad et al., , 2013 . According to data, the cultivars Tuono, Masbovera and Glorieta showed high and stable contents of oleic acid and low contents of linoleic acid and also high O:L values during the 2 years studied.
PCA is a multivariate statistical method that causes data reconstruction and reduction. Therefore, PCA was used for the discrimination of almond. The characteristics with the eigenvalues greater than 1 are evaluated to be descriptive in PCA [Shin et al., 2010] . Results from the principal component analysis presented in Table 4 indicate that the fi rst 3 components explained 73.38% of the total variability observed. PC1, PC2 and PC3 components accounted for 49.36%, 13.95% and 10.07% of the total variance, respectively. PC1 showed 8 variables with higher scores (values 0.50) related to fatty acid component (palmitic acid, palmitoleic acid, stearic acid, oleic acid and arachidic acid) and fatty acid ratio (UFA, SFA and UFA:SFA). The highest contribution of PC2 corresponded to linoleic acid, oleic acid and heptadecanoic acid. The separation along PC3 was primarily due to variations in total fatty acid and heptadecanoic acid. These results support the relevance of SFA, UFA:SFA, palmitic acid, linoleic acid and total fatty acid as discriminant parameters that differentiate almond cultivars. Similar results were reported in previous PCA applications to almond research [Carratala et al., 1998; Shin et al., 2010; Colic et al., 2012; Kodad et al., 2013] .
CONCLUSIONS
Cristomorto, Supernova and Ferragnes appeared to be predominant cultivars in terms of total oil content based on average data of 2 years. Glorieta and Texas cultivars were noticeable in terms of unsaturated fatty acids (91.93%, 90.71%, respectively). In addition, the total oil contents of Tuono, Masbovera, Glorieta and Cristomorto cultivars were similar in both years. The highest ratio of UFA:SFA was obtained from Glorieta, Texas and Cristomorto cultivars. It was concluded that the commercial value of these cultivars would be increased and they could be used as parents in breeding studies. Moreover, Cristomorto was the most important cultivar with regard to high total oil, unsaturated fatty acid and oil stability characteristics.
